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Arfif{e history: Objectives: The purpose of this study was to investigate the acute vascular and oxygenation responses to
Received 27 March 2019 repeated sprint exercise during arm cycling with either blood flow restriction (BFR) or systemic hypoxia
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Available online 10 May 2019 Design: The study design was a single-blinded repeated-measures assessment of four conditions with two

levels of normobaric hypoxia (400 m and 3800 m) and two levels of BFR (0% and 45% of total occlusion).
Methods: Sixteen active participants (eleven men and five women; mean = SD; 26.4 +4.0 years old;

gfgg‘:jogis‘;v restriction 73.8+9.8kg; 1.79+0.07m) completed 5 sessions (1 familiarization, 4 conditions). During each test
Occlusion visit, participants performed a repeated sprint arm cycling test to exhaustion (10 s maximal sprints with
Perfusion 20s recovery until exhaustion) to measure power output, metabolic equivalents, blood flow, as well as
Extraction oxygenation (near-infrared spectroscopy) of the biceps brachii muscle tissue.
Blood volume Results: Repeated sprint performance was decreased with both BFR and systemic hypoxia conditions.
Altitude Greater changes between minimum-maximum of sprints in total hemoglobin concentration (A[tHb])
were demonstrated with BFR (400 m, 45% and 3800 m, 45%) than without (400 m, 0% and 3800 m, 0%)
(p<0.001 for both). Additionally, delta tissue saturation index (ATSI) decreased more with both BFR
conditions than without (p <0.001 for both). The absolute maximum TSI was progressively reduced with
both BFR and systemic hypoxia (p <0.001).
Conclusions: By combining high-intensity, repeated sprint exercise with BFR and/or systemic hypoxia,
there is a robust stimulus detected by increased changes in blood perfusion placed on specific vascular
mechanisms, which were more prominent in BFR conditions.
© 2019 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
Practical implications oxygen delivery via improved vascular conductance and there-
fore expect large performance improvement. However, further
e Though both conditions of BFR and systemic hypoxia impair research with a training intervention is needed.

repeated sprint performance, BFR requires different specific
mechanisms than systemic hypoxia (vasodilation) to maintain
oxygen delivery.

By combining BFR and/or systemic hypoxia with high-intensity
exercise, as repeated sprinting, there is arobust stimulus detected
by increased changes in blood perfusion (A[tHb]) placed on the
vascular mechanisms, which were more prominent in BFR con-
ditions.

We suggest these methods for possible incorporation within
training programs, especially of the arms, to allow more efficient

1. Introduction

In systemic hypoxic conditions where oxygen availability is
limited and the demand for blood flow is magnified, a compen-
satory vasodilation occurs in order to increase oxygen delivery by
way of greater blood flow to tissues.! When compared to sys-
temic hypoxia, using blood flow restriction (BFR) that induces
both ischemia and local hypoxia likely has a different effect on
vascular/endothelial function due to specific vascular resistance
and vessel diameter adjustment, accumulation of metabolites
—_— . . o (nitric oxide, adenosine, prostaglandins, hydrogen ions, etc.) and/or
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repeated sprint leg cycling test to exhaustion found greater changes
in tissue perfusion in blood flow restriction (BFR) conditions and
thus suggested a possible stimulus for vascular regulation.? With
high-intensity leg cycling exercise in systemic hypoxia (repeated
sprint training in hypoxia, RSH), which has been shown to acutely
reduce blood flow and vasodilation compared to normoxia,’ train-
ing adaptation consists of greater perfusion in active muscles and
improved vascular conductance.*

As modeled by di Prampero,® the determining factors of V.Oymax
and hemodynamic regulation are dependent on muscle mass.
Muscles of small mass are characterized with different vascular
properties than large mass muscles regarding the distribution of
blood flow (difference in metabolic demand versus supply), smaller
diffusing areas, and lower oxidative capacity, respectively.5” Mus-
cle properties including different phenotypes in the legs and arms
are also involved with regulation of blood flow and pressure, as
there are more myosin heavy chain type 2 fibers and larger type
2A fibers in arms than legs, which likely contributes to differing
vascular function between limbs.” It is possible that muscles with
small mass (arms) may be less impacted by the pressor reflexes,®
therefore having a different impact on the regulation of vascular
conductance? than legs. Interestingly, a threefold increase in vari-
ations in blood perfusion were found in the triceps brachii after
six sessions in two weeks of RSH with the upper body (i.e. dou-
ble poling),'? whereas relatively smaller changes were observed
in the vastus lateralis after eight sessions in four weeks of RSH
(leg cycling).* Moreover, several authors have reported greater per-
formance enhancement when RSH was performed with arms than
with legs: cycling vs double poling in endurance athletes*'? or in
elite rugby players.'"12

Therefore, the purpose of this study was to examine the vas-
cular and oxygenation responses to acute repeated sprint arm
cycling with conditions of systemic hypoxia, BFR, as well as in
combination. It was hypothesized (1) that repeated sprint arm
cycling performance would have greater performance impairment
with systemic hypoxia, BFR, and the combination due to limited
convective oxygen delivery and greater vascular resistance; (2)
that greater changes in total hemoglobin would be elicited during
sprints as the severity of systemic hypoxia and BFR increased; (3)
that BFR alone and in combination with systemic hypoxia would
elicit greater changes in total hemoglobin than systemic hypoxia
alone due to different vascular mechanisms, which may decrease
with duration of sprints due to fatigue and limited oxygen utiliza-
tion near exhaustion.

2. Methods

There were 16 active participants involved in this study
(eleven men and five women; mean4SD; 26.4+4.0 years
old; 73.8+9.8kg; 1.79 +£0.07 m). Participants trained >4 h/week
including a variety of activities (running, cross-country skiing,
swimming, climbing, cycling, resistance training), and were all
accustomed to regular maximal intensity aerobic exercise. Indi-
vidual informed consent was obtained after being informed of
procedures and risks of the study. The protocol was approved by
the Ethical Commission for Human Research (CER-VD 138/15) and
performed within the seventh Declaration of Helsinki (2013). Par-
ticipants were asked to avoid strenuous activity as well as caffeine
or alcohol consumption 24 h before each visit. Further, all vis-
its were standardized at the same time of day with at least 48h
between visits to limit fatigue.

Participants completed five sessions (one familiarization and
four tests) of a randomized protocol assessing responses during a
repeated sprint test to exhaustion (RST). The four testing conditions
included normoxia (400 m, F;0, 20.9%) and hypoxia (3800 m nor-

mobaric hypoxia, F{0; 13.1 £ 0.1%), along with no BFR (0%) and BFR
(45% of the pulse elimination pressure, detailed below). After crit-
ical assessment of number of sprints, power output, torque factor,
pedaling frequency, and perceived effort during piloting sessions
with arm cycling and RST, the percentage for BFR and resistance
for arms were chosen.?

During familiarization, anthropometric data were measured and
the informed consent and health questionnaire [Physical Activity
Readiness Questionnaire, PAR-Q & YOU,'?> were completed. Par-
ticipants donned the BFR cuff (custom-made 4 x 70 cm cuff, 3 x 41
bladder; D.E. Hokansson Inc., Bellevue, WA, USA) for measure-
ment of the pulse elimination pressure (207 +28 mmHg). Pulse
elimination pressure was measured at seated rest with the arm
at approximately 6006f shoulder flexion with slight bend in the
elbow by gradually inflating the cuff until the point at which
no more arterial blood flow was detected via Doppler ultra-
sound (EchoWave II 3.4.4, Telemed Medical Systems, Telemed Ltd.
Lithuania, Milano, Italy) of the brachial artery and was measured
2-3 times for accuracy, with 2 min between trials.'# Participants
sat behind and slightly beneath a stand-mounted electronically-
braked cycling ergometer (Lode Excalibur Sport Ergometer, Lode
B.V.,The Netherlands). The position was recorded and subsequently
replicated. After a 5-min warm-up (1Wkg-1), participants per-
formed two 10s maximal sprints with three minutes of active
recovery between without BFR in order to both familiarize with
the arm cycling ergometer and to warm up for the RST. After an
additional 5-min passive recovery, participants were familiarized
with the RST with no BFR, as described below. The “Wingate mode”
of the ergometer was used for all sprints with an individually fixed
torque factor (0.4Nmkg~1).

Each session began with a warm-up of 3 min at 30 W, 3 min at
60 W, followed by 6 min at 1Wkg~! with a cadence of 85rpm.
After a brief recovery, two maximal 10s warm-up sprints were
performed (similar to familiarization). Oxygen uptake, heart rate,
pulse oxygen saturation (SpO,), and oxygenation (near-infrared
spectroscopy, NIRS) were obtained throughout the RST. During BFR
conditions, cuffs were placed bilaterally to the most proximal part
of each arm and inflated 5 s before the RST remaining continuously
inflated until the end of the post-RST measures (45% of pulse elimi-
nation pressure, 93 + 12 mmHg). After a 1-min standardized rolling
start (20 W, 85 rpm), participants began the RST of 10 s all-out max-
imal sprint and 20 s active recovery (20 W) (1:2 work-to-rest ratio)
until exhaustion or task failure [cadence <70rpm, similar to Ref.
4]. Participants were instructed to perform each sprint maximally
and perform as many sprints as possible. Similar body position was
maintained for all sprints and strong verbal encouragement was
provided with no indication of the number of sprints performed.
The first two sprints were carefully observed to be sure to reach
>95% of the peak power from the best sprint from the two warm-
up sprints in order to avoid pacing. Variables of mean power (mean
of all sprints, W), number of sprints performed, and total work (k])
were obtained. Following the completion of the test, blood flow
(see details below), earlobe blood lactate concentration at 1-min
post (Lactate Scout, EKF Diagnostics, GmbH, Leipzig, Germany), and
rating of perceived exertion (RPE, Borg scale 6-20) were measured.
The earlobe S,0, was measured with an oximeter (8000Q2 Sen-
sor, Nonin Medical Inc., Amsterdam, The Netherlands), one sample
every 5s,and reported as the lowest value of the final minute during
the RST. Heart rate was monitored at 1 Hz with a telemetry-based
heart rate monitor (Polar RS400, Kempele, Finland) to analyze the
maximum value of all sprints.

With the left arm extended resting at 80shoulder flexion,
Doppler blood flow was collected on the brachial artery in the day’s
condition (if BFR, cuffs inflated 1-min prior) with a linear probe
(L12-5L60 N) using EchoWave II 3.4.4 software (Telemed Medical
Systems, Telemed Ltd. Lithuania, Milano, Italy) ~5 min pre- and at
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1-min post-RST. A 30 s video image was obtained and subsequent
analysis was performed with post-RST to take an average of 10
frames, essentially a measurement every ~1.5s. Blood flow was
then calculated via a measurement of the vessel diameter (mm)
and blood velocity (cms—1), along with shear rate [(mean velocity,
cms~1)/(diameter, mm)] to assess the rate which fluid or elastic
lamina layers move past each other.

Breath-by-breath pulmonary gas-exchange was measured con-
tinuously throughout the exercise (Quark CPET, Rome, Italy).
Oxygen consumption (V.0,), ventilation (V.g), and respiratory
exchange ratio (RER) were computed. The system was calibrated
with a 3-L syringe (M9474, Medikro Oy, Finland) and a calibration
was made with ambient air and known gas mixtures of O, (16%)
and CO, (5%) prior to each measurement. During RST, the high-
est rolling 30s average was obtained for oxygen uptake and the
maximum values within those 30 s were analyzed for V.g and RER.

NIRS measurements and analysis of peripheral oxygenation of
the biceps brachii (PortaMonArtinis, Zetten, The Netherlands) were
performed similarly as in Willis et al.? Signals were recorded at
10 Hz and exported (Oxysoft 3.0.53, Artinis, The Netherlands), and
application of a 4t™-order low-pass zero-phase Butterworth filter
(cutoff frequency of 0.2 Hz) was used to reduce artifacts and smooth
perturbations in the signal from pedaling strokes.!” For each sprint,
the maximum and minimum were detected automatically using
the rapidly changing increase in deoxyhemoglobin as the visual
parameter to confirm the starting point of the test. Identification of
successive sprint and recovery phases was made and sprint phases
were further analyzed. The change (A) in concentration for each
sprint was then calculated as the difference between the detected
maximum and minimum values for oxyhemoglobin (A[O,Hb]),
deoxyhemoglobin (A[HHb]), total hemoglobin (A[tHb]), and tissue
saturation index (ATSI, %). Absolute maximum TSI was obtained
from each sprint. Data was normalized to the duration of the set;
i.e. percentage of sprints performed (i.e., 20, 40, 60, 80, 100%), and
a linear interpolation was used to calculate values when there was
a fractional number of sprints, as each participant performed a
different number of sprints in each condition.

After examining residual plots, no obvious deviations from
homoscedasticity or normality were present. Linear mixed effects
analyses were performed to evaluate oxygenation parameters
regarding the relationship between fixed effects of condition
(400 m, 0%; 400 m, 45%; 3800 m, 0%; 3800 m, 45%) and set dura-
tion (20, 40, 60, 80, 100% of sprints performed). Similarly, all other
variables were analyzed with the fixed effect of condition. Partici-
pant was always set as the random effect. Analyses were performed
using R (R Core team 2017, Foundation for Statistical Computing,
Vienna, Austria) and nlme4.'® The P values were set to 0.05 and
obtained by likelihood ratio tests of the full model with the effect
in question against the model without (control). To obtain con-
trasts, least-squares means for mixed models [library Ismeans,!”
using the Tukey method were computed. Values are represented as
mean + standard deviation. The magnitude of between-condition
differences in the means were expressed as a standardized effect
size (ES). Threshold values for effect size statistics were based on
Cohen’s d, where 0.2 is considered small, 0.5 medium, and 0.8 large.

3. Results

Table 1 illustrates the physiological responses of the arm-cycling
RST. Number of sprints was lower in both hypoxic conditions
(3800 m, 0% and 3800 m, 45%) compared with the control (p <0.001;
ES=0.8 and 1.1). Mean power remained unchanged throughout all
conditions (p=0.79, NS). Total work decreased 23% between the
control (400 m, 0%) and hypoxia alone (3800 m, 0%), as well as
53% between the control and 3800 m, 45% (both p<0.001; ES=0.9

and 1.2), which was an additional 39% decrease between 400 m,
45% and 3800 m, 45% (p <0.05; ES=1.0). Both SpO, and V.0, were
decreased in both hypoxic (3800 m, 0% and 3800 m, 45%) than nor-
moxic (400m, 0% and 400m, 45%) conditions (all p<0.001; ES
of Sp0; all >2.4 and V.0, all >0.80). Further, maximal heart rate
was lower in the combined (3800 m, 45%) than control condition
(p<0.001; ES=0.3). Blood flow was 52% lower in 3800 m, 45% than
3800m, 0% (p<0.05; ES=1.3) and 48% lower in 400 m, 45% than
3800 m, 0% (p=0.07, trend; ES=1.2). Systemic hypoxia (3800 m,
0%) demonstrated a greater shear rate (trend) compared to the BFR
only condition (400 m, 45%; ES=1.1; see Table 1).

No interactions were present for any oxygenation variables. As
seen in Fig. 1, there were main effects of both condition and set
duration with greater A[tHb] during both BFR conditions (400 m,
45% and 3800 m, 45%) than without (400 m, 0% and 3800 m, 0%)
(p<0.001 for both, Fig. 1B; ES range 0.5—-0.7), and lower A[tHb]
were seen near exhaustion (p<0.05, Fig. 1A; ES range 0.3-0.5).
Fig. 2 illustrates that absolute A[HHb] was greater in both 400 m,
45% (p<0.05; ES=0.3) and 3800 m, 45% (p<0.001; ES=0.4) than
in hypoxia alone. Moreover, ATSI decreased with both BFR con-
ditions than without (p<0.001 for both; ES range 0.5-0.7); and
that absolute maximum TSI decreased compared to the control
and decreased in both hypoxic conditions compared to BFR alone
(p<0.001; ES range 0.6-1.9).

4. Discussion

The main findings indicated that (1) arm cycling performance
is heavily impaired by systemic hypoxia conditions (number of
sprints and total work) mainly due to decreased convective oxy-
gen delivery (SpO,, V.03); (2) both BFR alone and combined with
systemic hypoxia elicited greater changes in total hemoglobin
(A[tHb]) demonstrating valuable specific vascular responses com-
pared to conditions without BFR; and (3) there was no additional
effect of the combination of BFR and systemic hypoxia, when com-
pared to BFR alone.

Generally, exercise requires augmentation of blood flow and
thereby increased laminar shear stress, both which are responsible
for metabolic upregulation of endothelial nitric oxide synthase!8:19
and may improve flow-mediated dilation.?° This response is pro-
portional to exercise intensity and therefore, the demand should
increase with high-intensity exercise (such as repeated sprint
performance) as previously suggested.!?! In addition, similar
vasodilation mechanisms during conditions of systemic hypoxia
exist but to a greater extent due to reduced oxygen availability.!
Though differences were not significant between the control
(400 m, 0%) and other conditions, the present study suggests greater
shear stress during systemic hypoxia (3800 m, 0%) compared to the
BEFR only condition (400 m, 45%; trend, ES=1.1; see Table 1).

As expected, there was impaired arm cycling performance with
systemic hypoxia likely due to limited oxygen delivery, thus lower
number of sprints and total work. Though this study is unable to
confirm the vasodilation that generally occurs in systemic hypoxia
situations, the results can suggest that hypoxia-induced vasodi-
lation increases blood volume as a way to increase blood flow
to provide more oxygen and allow greater oxygen utilization
(increased extraction and thus lower changes in [HHb], Fig. 2),
which possibly limits oxygen delivery (lower SpO, and V.0, ). Sim-
ilar interpretation has been previously suggested such that lower
changes in [HHb] demonstrated possible near-maximal peripheral
deoxygenation.?2 This was not the case in BFR conditions, as there
was decreased post blood flow (and hence shear rate, Table 1)
to tissues by the partial occlusion and thus higher vascular resis-
tance. Therefore, BFR (local ischemia) elicits different vasodilatory
responses than systemic hypoxia conditions. In fact, BFR blunts



1154 S.J. Willis et al. / Journal of Science and Medicine in Sport 22 (2019) 1151-1156

Table 1

Average physiological responses of the arm-cycling repeated sprint test to exhaustion in conditions of normoxia (400 m) and normobaric hypoxia (3800 m) combined with

blood flow restriction (0% and 45%).

400 m 400 m 3800m 3800m
0% 45 % 0% 45%

Number of sprints 12+8 9+5 73" 6+1"
Mean power (W) 353+111 343+104 337+120 339+110
Total work (kJ) 40+25 30+ 16 23+127 19+6 7" #
Sp0; (%) 959427 95.5+3.3 85.94+3.5 " #H 87.8+£3.1 " HHH &
Maximal heart rate (bpm) 174+12 173+13 173 +11 171+10™"
Blood lactate (mmol L") 104+29 11.0+3.6 10.8+3.3 103+3.7
RPE arms (Borg 6-20) 179+1.6 184+1.5 18.1+1.8 18.7+1.3
RPE breathing (Borg 6-20) 16.2+2.1 16.0+2.2 16.8+2.7 16.2+23
V.0, (mLmin-1kg!) 431+6.7 434477 38.245.5 " 375462 " HH#
V. (Lmin~1) 146 +29 148 +24 151+30 152+23
RER 1.01+0.06 1.03+0.08 1.02+0.07 1.02 +0.09
Post-blood flow (mLmin~1) 605 + 549 408 +£307 779 318 (# trend) 377+309 %
Post-diameter (mm) 47+04 45+0.7 4.7+04 44+0.6
Post-shear rate (s~1) 131+112 95+ 63 163 + 62 (# trend) 93+ 68

Mean + SD.

" (p<0.001) significantly different than 400 m, 0%.

### (p<0.001), # (p<0.05) significantly different than 400 m, 45%.
&& (p<0.01), & (p<0.05) significantly different than 3800 m, 0%.

Sp0,, pulse oxygen saturation; RPE, rating of perceived exertion; V.0, oxygen consumption; V.g, minute ventilation; RER, respiratory exchange ratio.
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Fig. 1. Representation of near-infrared spectroscopy (NIRS) based oxygenation response of the average maximum-minimum delta (A) concentration of total hemoglobin
([tHDb]) of each sprint for the biceps brachii during the repeated sprint test to exhaustion in (A) percentage of sprints performed, (B) across conditions of blood flow restriction

and systemic hypoxia.

Mean + SE. *** (p<0.001) significantly different than 400 m, 0%; ### (p<0.001) significantly different than 400 m, 45%; &&& (p <0.001) significantly different than 3800 m,
0%; a (p<0.05) significantly different than 20%; b (p <0.05) significantly different than 40%; ¢ (p <0.05) significantly different than 60%.

the effect of hypoxia-induced vasodilation, even though combined
with high-intensity, as shown by the decreased blood flow and
oxygenation responses of the combined BFR and systemic hypoxia
condition (3800 m, 45%).

With both BFR conditions (400 m, 45% and 3800 m, 45%) in the
present study, greater changes in [tHb] (blood volume?®) were
demonstrated during the RST (Fig. 1). As well, A[tHb] across all con-
ditions were lower near exhaustion (Fig. 1). Prior training studies
performing repeated sprints in hypoxia have eluded to increased
variation in perfusion during both leg cycling* and double poling.'?
Similar research has shown this response during acute leg cycling
RST with different levels of BFR,> as well as after 6 weeks of
single-leg cycling with BFR performing 3 sets of 3 x 2 min inter-
val training,2* and additionally with 4 weeks of single-leg knee
extension with BFR.2° The present arm cycling result was therefore
expected.

As there was lower blood flow in both BFR conditions compared
with systemic hypoxia alone (Table 1), these conditions trigger dif-
ferent compensatory mechanisms to limit this alteration in blood
flow and oxygen delivery to tissue: beyond the reported increase
in blood volume variation (and probable greater changes in blood
pressure via increased preload, stroke volume, and cardiac out-

put) during sprints with both BFR conditions, there are likely other
mechanisms with neural (blunt vasoconstriction, or induce sym-
pathetic cholinergic vasodilation), metabolic (increased metabolite
accumulation, nitric oxide synthesis), and mechanical (muscle and
respiratory pump, increased arterio-venous pressure gradient -
perfusion pressure; vascular enlargement)' influences, all being
regulated by blood pressure and muscle oxygen consumption.26
Further, Mortensen et al.2! proposed that while cardiac output and
local muscle vessel vasoconstriction are major limiting factors of
muscle blood flow during high-intensity exercise, perfusion pres-
sure is not. This allows the continual consideration of the pressure
gradient as a probable mechanism for such increased changes in
blood volume during the present study. Additionally, it has been
suggested that pressor reflexes may play less of a role in exer-
cise involving smaller muscle mass (arms vs legs),® however the
muscle metaboreflex is triggered with accumulation of metabolites
and reduced oxygen availability.2” Further, it is unknown about
the degree to which differences in muscle phenotypes of the legs
and arms can contribute to the hemodynamics and influence the
pressor reflexes. The changes in TSI during repeated sprints of the
current study were lower in both BFR conditions (Fig. 2) due to
overall lower TSI at the start due to partial occlusion. However,
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Fig. 2. Near-infrared spectroscopy (NIRS) representation of the average maximum-minimum delta (A) responses of each sprint for the biceps brachii during the repeated
sprint test to exhaustion in (A) absolute A [HHb], (B) A tissue saturation index (TSI), and (C) absolute maximum TSI, across conditions of blood flow restriction and systemic

hypoxia.

Mean + SE. *** (p<0.001) significantly different than 400 m, 0%; ### (p<0.001), # (p<0.05) significantly different than 400 m, 45%; &&& (p <0.001) significantly different

than 3800 m, 0%.
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this could also indicate that the external pressure of these condi-
tions increased oxygen extraction and may reach closer to maximal
capacity than compared with hypoxia alone. Together, stimulation
of the muscle metaboreflex is quite likely in these unique condi-
tions, even in the arms, thus warranting further research.

As previous research has demonstrated, these hypoxia and
BFR conditions induce large increases in deoxygenation of the
legs (probably due to a large amount of active muscle mass).2%2
Additionally, it has been shown that legs are quite responsive
(greater changes in perfusion) during systemic hypoxia%? and BFR
conditions,? as is substantially confirmed to a greater extent in
the present study of the arms. Collectively, this demonstrates that
there are differing vascular properties and responses between
limbs.

5. Conclusion

The present study combining acute repeated-sprint exercise
with BFR and/or systemic hypoxia during arm cycling demon-
strated greater changes in blood perfusion with both BFR alone
and in combination with systemic hypoxia. In systemic hypoxia,
these variations in perfusion are likely derived from compensatory
vasodilation. Whereas, perfusion changes in BFR conditions may
result from the stimulation of several specific mechanisms (such
as perfusion pressure, pressor reflexes) to restore oxygen delivery,
since BFR increases vascular resistance and restricts vasodilation.
We suggest that the intrinsic vasodilatory response was likely
different in both acute BFR conditions compared to the other condi-
tions with no BFR. The current results confirm a profound vascular
stimulus in the small muscle mass exercise of arm cycling when
combining repeated sprint exercise with both BFR and systemic
hypoxia alone and in combination, which were more pronounced
in BFR conditions.
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